or posterior cervical fusion with or without supplemental screw fixation. [6] [7] [8] 21, 22 In this paper, we review the potential surgical indications for Type II odontoid fractures with an emphasis on choosing the best surgical approach for treatment (anterior vs posterior approach). Advantages and disadvantages of each approach are discussed in detail.
surgical indications for type ii odontoid Fractures
The union rate of Type II odontoid fractures is directly related to the treatment performed. Nonsurgical treatment with a cervical collar or halo vest has a nonunion rate of as high as 40%. 31 For this reason, surgical treatment is especially indicated in patients who have a higher risk for nonunion. In this context, surgical treatment with AOSF or posterior cervical instrumented fusion (PCIF) increases the fusion rate to more than 80% in many patient series. 1, 31 Some authors have reported up to 100% healing with posterior C1-2 arthrodesis with PCIF.
5 Identifying patients at high risk for nonunion is critical to avoiding the late complications of nonunion while balancing the risk of surgical management.
Some risk factors for nonunion are well established. Lennarson et al. performed a case-control study (Level II evidence) of 33 patients with Type II odontoid fractures. 24 They reported that in patients older than 50 years, the risk of nonunion was 21 times greater than in younger patients (p = 0.002, 2-tailed Fisher's exact test). 24 The authors concluded that older patients may benefit from surgical treatment to improve fusion rates if the procedure is not contraindicated by other clinical reasons. Other factors have also been reported to be associated with nonunion and failure of conservative treatment, such as degree of comminution in the base of the dens, fracture displacement, fracture alignment, and rupture of the transverse ligament. 16, 21, 22 Hadley et al. described an additional fracture pattern (Type IIA), reported to be present in 3 of 62 Type II fractures. This Type IIA fracture was highly unstable and was characterized by a comminuted fracture of the base of the odontoid with associated free fracture fragments. 15 These authors recommended surgical treatment of this fracture pattern. Greene et al. reported in a retrospective review that Type II odontoid fractures with odontoid displacement of 6 mm or more were associated with nonunion (chi-square = 33.74, p < 0.0001), and early surgical treatment was recommended.
14 Platzer et al. reported the results of 90 patients with Type II fractures. These authors identified risk factors (all p < 0.05) for failure of halo immobilization: older patients, displaced fractures (> 2 mm), secondary loss of reduction, and delayed treatment. 30 Potential surgical indications for Type II odontoid fractures, which are primarily based on the risk of nonunion with conservative treatment, are summarized in Tables 1 and 2 .
Specific Considerations in Older Patients
Because odontoid fractures are common in older patients, many authors have reported on their experience in this population. Smith et al. reported the results of a retrospective cohort analysis of octogenarians (patients > 80 years old). 34 A total of 32 patients underwent operative treatment (10 anterior and 22 posterior approaches) and 20 were treated conservatively. Patients who underwent operative treatment had longer hospital stays (mean 22.8 vs 11.2 days, respectively; p < 0.05) and higher complication rates (62% vs 35%, respectively; p < 0.05), but in both groups the acute in-hospital mortality rate was similar (15% in the nonsurgical group and 12.5% in the surgical group; p > 0.05). Comorbidities were similar in both groups, as was fracture displacement (p > 0.05). These investigators concluded that in these patients, both operative and nonoperative treatments are associated with high morbidity and mortality, but conservative treatment may be considered due to fewer complications and similar outcomes.
With regard to radiological outcomes in older patients, some authors have reported that a fibrous union with radiological stability may be considered acceptable as a good outcome. 23 Lastly, there are studies suggesting that halo vests result in worse outcomes when compared with cervical collars in older patients, including a significant mortality rate during hospitalization (up to 28.6%). 8, 10, 16, 26 Halo vest immobilization in older patients is associated with pneumonia and cardiac arrest; 26, 36 for this reason, it may be prescribed only as a last resource in this fragile population. Instead, conservative treatment may be best addressed through a rigid cervical collar.
choosing the surgical Approach: AosF versus pciF
Once surgical treatment is recommended, surgeons should choose the best surgical approach. According to the recent Guidelines of the American Association of 32 However, the decision of which approach to use is influenced by individual clinical and radiological factors. For this reason, we present the primary advantages and limitations of each approach in the next section, as well as the best indications for each.
Anterior odontoid screw Fixation
Anterior odontoid screw fixation is an osteosynthetic technique that provides immediate stability, preserving the majority of the remaining C1-2 motion. 7 Most of the available evidence is based on case series. While not all patients with Type II odontoid fractures are candidates for AOSF, the reported union rates are high, varying from 80% to as high as 100%. 7 Indications for AOSF include a favorable fracture line (a fracture line from anterosuperior to posterosuperior), as well as good fracture reduction and alignment. Contraindications include fracture comminution, severe cervicothoracic kyphosis, severe osteoporosis, late fractures, and ligament transverse rupture. . 4 The mean follow-up duration was 18.2 months. In recent fractures, the overall union rate was 88%, compared with 25% in late injuries (p ≤ 0.05). Bone union was independent (p ≥ 0.05) of other factors, such as age, sex, number of screws placed (1 or 2), and the degree or the direction of odontoid displacement. The authors concluded that, although AOSF was effective and safe for early odontoid fractures, this technique should be reserved for early fractures. In patients who had remote injuries (≥ 18 months postinjury), AOSF may not be the preferred procedure.
Platzer et al. performed a retrospective comparative study of 110 patients who underwent anterior doublescrew fixation of their odontoid fractures.
29 They compared the functional and radiological outcomes between patients younger than 65 years (Group A) and older than 65 years (Group B). A total of 95 patients had returned to their preinjury activity level. The outcome, assessed using the Smiley-Webster scale, was similar in both groups, but the nonunion rate was higher in the geriatric patients (12%) compared with the younger patients (8%).
use of 1 or 2 screws
Jenkins et al. compared the safety and efficacy of using 1 versus 2 screws for anterior odontoid fixation. 18 They retrospectively reviewed 42 patients from a single institution: 20 patients treated with a single screw, with an average age of 54 years, compared with 22 patients treated using 2 screws, with an average age of 64 years. There was no significant difference in the union rate (assessed using dynamic radiographs) between the 1-or 2-screw groups, which were 81% and 85%, respectively (p > 0.05). Another study that compared the efficacy of the 1-versus 2-screw technique was performed by Dailey et al., which reported different results. 7 These authors retrospectively reviewed 57 patients over the age of 70 that underwent AOSF. Union was evaluated utilizing flexion-extension radiographs to assess stability and was defined as bone union, fibrous union, and nonunion. Complications were also documented. A total of 81% of the patients had stability based on the author's criteria. Two-screw fixation was associated with stability in 96% of patients at the final follow-up evaluation compared with 56% of the patients using 1 screw. The authors, however, reported a high rate of patients (25%) requiring a feeding tube in the immediate postoperative period, and 19% having aspiration pneumonia that required antibiotics. This study demonstrates a higher rate of radiographic stability with AOSF utilizing 2 screws, and it also reveals a high rate of dysphagia and eating difficulties postoperatively.
Similar complications after AOSF in older patients regarding dysphagia problems were reported by Vasudevan et al. 38 These authors evaluated immediate complications after AOSF, such as postoperative dysphagia and pneumonia, in 30 patients with Type II odontoid fractures. Complications included pneumonia in 9 patients (30%), gastrostomy tube placement due to swallowing problems in 13 patients (43%), and vocal cord paralysis in 1 patient (3.3%). Patients over the age of 75 accounted for 12 (92%) of 13 gastrostomy tube placements and 8 (88.9%) of the 9 pneumonias. There were statistically significant differences between rates of gastrostomy tube placement (p < 0.02) and pneumonias (p < 0.001) for the older patients compared with younger patients. The authors concluded that although AOSF was effective, there was a high risk of postoperative dysphagia in older patients. An illustrative case of AOSF is presented in Fig. 1 .
characteristics of AosF
Based on these data, AOSF is highly effective for treating odontoid fractures, with union rates of 80%-100%. AOSF should be reserved for early odontoid fractures (< 6 months after injury), as remote injuries have a low union rate (25%). There is a greater chance of nonunion in older compared with younger patients after AOSF. In the general population, AOSF may have the same efficacy using 1 or 2 screws, but in patients over 70 years old, 2 screws may have a greater rate of union. Finally, AOSF in older patients yields a high incidence of severe dysphagia and early pneumonia after surgery.
posterior cervical Atlantoaxial instrumented Fusion
Posterior stabilization of the atlantoaxial joint can be performed with many different techniques, using wiring or screws. [10] [11] [12] Compared with wiring techniques, screw fixation for atlantoaxial stabilization improved fusion rates and did not require a postoperative orthosis. [10] [11] [12] The most common screw fixation techniques are the C1-2 transarticular screw, described by Magerl and Seeman in 1987, as well as C-1 lateral mass screw fixation described by Goel and Laheri, associated with a C-2 screw (lamina, pars, or pedicle). 13, 19, 20, 25 Posterior techniques are indicated when there is a con-traindication for AOSF, such as a reverse fracture line (anteroinferior to posterosuperior of dens base), transverse ligament rupture, nonreducible fractures, nonunions (remote injuries), inappropriate body habitus, severe cervicothoracic kyphosis, and osteoporosis. 1, 2, 17 Patients in whom postoperative complications such as dysphagia and pneumonia are a concern may instead be indicated for a posterior technique. Lastly, when AOSF fails, with screw pullout or loss of fracture alignment, posterior screw fixation is a salvage procedure. 3 In a retrospective series of 29 consecutive patients over 65 years, Anderson and D'Alonzo compared 11 patients who underwent AOSF and 7 who underwent posterior C1-2 fusion. 3 Ten patients were treated conservatively due to minimally displaced fractures or complicating medical conditions. At the final follow-up evaluation (average 51 months, range 24-89 months) the authors reported that all 7 patients with posterior fusion healed, whereas just 8 (73%) of the 11 treated with AOSF healed, and only after a complicated course of events. In 2 patients, irreducible fracture and limited access led to conversion from AOSF to PCIF. Another 2 patients suffered screw loosening and back out. Two patients had nonunions and 1 patient had severe motion-related pain from the C1-2 articulation. Six of the 10 patients treated nonsurgically had nonunions and Posterior atlantoaxial screw fixation has higher fusion rates but eliminates the normal C1-2 rotatory motion, which is responsible for approximately 50% of cervical rotary motion and 10% of cervical flexion-extension motion. 35 Complications of PCIF may include blood loss, vertebral artery injury, infection, dural tears, and others. An illustrative case of PCIF is presented in Fig. 2 .
characteristics of pciF
In summary, PCIF is highly effective for treating odontoid fractures, with fusion rates of up to 100%. Indications for PCIF include an unfavorable fracture line for AOSF, transverse ligament rupture, severe dens displacement, and misalignment and remote fractures. PCIF may also be indicated as a salvage procedure after AOSF failure and in severe osteoporotic patients. In Table 3 we summarized the main indications, risks, and limitations of AOSF and PCIF in a comparative perspective.
conclusions
In the surgical treatment of odontoid fractures, both anterior and posterior approaches are available. Each approach has unique indications and contraindications that should be tailored to the individual patient. Both approaches have demonstrated success at achieving fracture stability, but posterior instrumented treatment has the highest reported rate of union while minimizing significant dysphagia associated with anterior approaches. 
